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int?,qdl'ct:cn 

When  a  ?- polarized  EM  wave  is  obliquely  incident  on  a  plasma  density  gra¬ 
dient,  linear  conversion  to  E3  waves  can  occur  in  the  vicinity  or  the  noint  where 

-j  =  o  More  precisely,  the  EM  wave  is  reflected  at  the  cutoff  ooint  where 
re 

u  =  J  Cos  i,  where  5  is  the  angle  between  ■<  and  Tn  •  beyond  this  ooint  the 

-  “  —O' 

electric  field  is  evanescent.  This  evanescent  field,  directed  along  Tn^,  tan 

drive  an  electrostatic  resonance  at  t.ne  ooint  where  o  =  o  ;  The  evanescent 

pe 

driver  is  strongly  enhanced  (typically  1Q0  -  lOOOx)  in  this  region  and  the  pon- 
d emotive  force  of  the  localized  electric  field  can  form  density  cavities.  This 
neid-cavity  entity  is  wnat  we  call  a  caviton  . 

In  order  to  study  the  caviton  in  detail  it  is  not  necessary  to  use  the 
linear  conversion  of  EM  to  E3  waves;  one  can  instead  use  an  oscillating  longi¬ 
tudinal  driver  to  simulate  the  evanescent  field  Th?  advantage  of  using  this 
technique  comes  with  the  reduction  of  typical  scale  lengths.  The  study  of  EM 
propagation  and  reflection  requires  (in  order  to  avoid  finite  geometry  effects) 
a  chamber  large  compared  to  the  EM  wavelength,  whereas  the  caviton  requires  a 
chamber  large  compared  to  the  wavelength  of  an  electron  plasma  wave.  It  is  easy 

to  show  that  ,/X  =  c//3T j m  =  -t-00  for  T  =  1  eV.  Thus  the  detailed  studv 

EM  Eo  e  e 

of  the  caviton  can  be  done  in  a  smaii  chamber  (which  is  advantageous  in  terms 
of  construction  cost  and  maintenance  as  well  as  diagnosis)  while  the  "big 
picture"  including  EM  effects  can  be  studied  in  a  large  device. 

EXPERIMENTAL  IEVICE 

This  year  cur  experimental  work  has  focussed  on  the  study  of  cavitons  in 
two  dimensions.  The  cylindricaily  symmetric  device  shown  in  Fig.  1  was  con¬ 
structed  for  this  study.  It  has  several  advantages  over  the  1 -D  capacitor 
p’at“  '•’I'-v-en  system  usad  formerly  to  study  cavitons  in  one  dimension.  A  pulsed 
1  kW,  HF  (go  MHc)  oscillator  is  connected  to  a  long,  cylindrical!'/  symmetric 


antennae  to  produce  the  plasma.  The  density  gradient  in  the  experimental  region 
is  in  the  radial  direction  and  the  coaxial  line  formed  by  the  central  rod  and 
the  chamber  wall  can  be  driven  in  the  TEM  mode  ff  =  233  MHc)  to  give  a  nurely 
radial  driving  electric  field;  this  is  in  contrast  to  the  1-0  capacitor  plate 
experiment  wnere  fringing  driver  fields  in  the  direction  perpendicular  to  the 
density  gradient  are  unavoidable.  The  cylindrical  geometry  allows  one  of  the 
directions  perpendicular  to  the  density  gradient  to  close  on  itself,  thus  a void in 
boundary  effects.  Finally,  the  newly  developed  two-dimensional  scanning  diagncs 
tic  electron  beam  allows  for  a  complete  study  of  the  cav: ten's  space  and  time 
evolution.  The  electron  beam  is  an  unperturbing  diagnostic  with  a  time  resolu¬ 
tion  of  0.2  us  and  a  spatial  resolution  of  approximately  one  millimeter.  We 
have  found  it  to  be  the  best  and  perhaps  the  only  reliable  diagnostic  for 
measuring  R F  electric  fields  in  a  plasma.  The  beam,  which  is  capable  of  moving 
both  radially  and  acimuthally,  traverses  the  chamber  axially  and  is  modulated 
by  the  radially  localised  caviton  electric  field.  It  then  strikes  a  phosphor- 
coated  window  and  produces  an  image  which  depends  on  the  amplitude  and  direction 
of  the  caviton  field.  After  measuring  the  axially  dependence  of  the  caviton 
one  can  unfold  this  image  data  and  di  ^ nine  the  field  values. 

A  word  about  the  importance  of  ne~  ring  the  electric  field  :s  in  orf?-’*. 

One  might  suppose  that  the  shape  and  site  of  the  caviton  electric  field  could 
be  inferred  from  the  associated  density  cavities.  While  this  may  be  valid  in 
a  general  sense,  it  has  two  crucial  limitations.  First  of  all,  the  density 
cavities  form  on  a  much  slower  time  scale  than  the  caviton  electric  fields; 
this  is  simply  due  to  the  fact  that  ion  inertia  is  so  much  greater  than  that 
of  the  electrons.  For  the  same  reason,  density  cavities  will  remain  long  after 
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the  electric  field  is  gone.  Secondly,  in  order  to  avoid  spurious  probe  measure¬ 
ments  one  must  measure  the  plasma  density  profile  only  after  the  driving  VHF 
burst  has  ended  (typically  at  least  1  ns  after) .  Thus  one  is  reduced  to  looking 
at  density  profiles  that  may  be  significantly  changed  from  those  existing  1-2  us 
earlier.  Thus  although  one  might  infer  things  about  the  electric  field  from  the 
density  cavities  in  a  static  situation,  one  cannot  use  such  a  method  for  a  de¬ 
tailed  analysis  of  a  quickly  changing  phenomena  like  the  caviton. 

The  device  is  fitted  with  two  sets  of  magnetic  field  coils.  The  first  set 
(not  shown)  consists  of  large,  perpendicularly  oriented  Hei.mboltc  coils  to  can¬ 
cel  out  the  Earth's  magnetic  field;  this  is  necessary  in  order  for  the  e-beam  to 
follow  a  straight  trajectory.  The  second  set  produces  an  axial  magnetic  field 
uniform  to  within  5?s  over  the  experimental  area.  These  coils  will  allow  us  to 
study  upper-hybrid  cavitons. 

EXPERIMENTAL  RESULTS 

Figure  I  shows  a  box  diagram  of  the  basic  setup  for  our  experiments.  An 
Argon  piasma  is  produced  by  a  pulsed  HF  discharge;  at  a  selected  time  in  the 
discharge  afterglow  a  short  (1  -  10  us)  VHF  pulse  (f  =  235  MHz,  ?  £  100  watts) 
as  applied  to  the  center  electrode  of  the  chamber  to  act  as  the  driver  for  the 
cavitons.  At  a  selected  time  within  the  VHF  pulse  a  short  (<_  1  us)  pulse  is 
applied  to  the  electron  gun  deflection  plates.  The  image  produced  on  the  phos¬ 
phorous  screens  by  the  electrons  gives  the  amplitude  and  direction  of  the  cavi¬ 
ton  electric  field  at  the  selected  time  and  the  selected  radial  and  azimuthal 
position.  In  addition  time  resolved  density  profiles  are  obtained  with  a  mov¬ 
able  Langmuir  probe  and  boxcar  averager. 


Figure  5  shows  the  maximum  magnitude  of  the  caviton  electric  field  when  the 
experiment  is  performed  at  various  times  in  the  discharge  afterglow.  For  early 
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times  ir.  the  afterglow  the  electron  temperature  is  high  and  transit  time  damping 
by  tail  electrons  effectively  limits  the  electric  field  enhancement"  As  the 
electron  temperature  falls  the  population  of  tail  electrons  decreases,  thus  re¬ 
ducing  the  damping  and  increasing  sharply  the  electric  field  enhancement.  The 
fail  of  the  electric  field  at  still  later  times  is  not  well  understood  at  pre¬ 
sent  but  nav  be  due  to  changes  in  the  plasma  density  scale  length.  All  the 
following  experiments  were  performed  at  an  afterglow  time  of  30  us. 

Figure  4  shows  a  radial  scan  of  the  electric  field  magnitude  and  its  cor¬ 
relation  with  associated  density  cavities  A  1  us  VHF  pulse  is  used;  ciiw  ">.■ 
trace  is  obtained  with  the  diagnostic  electron  beam  during  the  YKF  pulse.  The 
bottom  trace  is  the  radial  density  profile  obtained  with  a  Langmuir  probe  sampled 
1  -s  after  the  end  of  the  VHF  pulse.  The  dotted  line  shows  the  shape  of  the 
profile  before  the  VHF  burst  is  applied.  Since  there  are  two  points  on  this 

orofiie  where  u  =  a  .  two  cavitons  are  formed  and  the  coalesce  of  the  two 
pe 

formed  the  large  cavity  extending  from  R  =  3  -  cm.  The  electric  field  due 
to  the  caviton  on  the  left  is  beyond  the  range  of  the  electron  beam  and  thus 
is  not  shown. 

The  time  evolution  of  the  caviton  fields  is  shown  in  Figure  5.  A  low- 
rower,  -  us  long  VHF  burst  is  appLied  and  the  electron  beam  is  used  to  measure 
the  field  aoolitude  at  four  times  within  the  burst.  The  initial  radial  profile 
is  seen  to  have  the  shape  of  the  well  known  Airy  function.  The  Airy  function 
is  the  solution  to  the  problem  of  driving  a  linear  density  gradient  with  a  um- 

j 

form  rump  --  rhe  so-called  capacitor  plate  problem.  This  is  the  first  observation 
if  such  an  electric  field  amplitude  profile;  generally  the  smaller  peaks  nave 
rot  been  observed . 

time  evolution  or  this  orofiie  we  notice  some  small  changes. 


As  we  look  at  the 


The  entire  profile  is  .roving  to  the  left;  this  is  due  to  the  continuing  decay  of 
the  plasma  density.  Other  changes  are  also  evident  -  changes  in  amplitude,  width, 
and  spacing  of  the  various  peaks.  Since  the  profile  is  continually  being  modified 
by  the  ponderomotive  force  of  the  electric  field  oeaks  it  is  not  surprising  that 
the  profiles  are  not  exactly  the  same  as  that  for  a  linear  density  gradient. 

The  point  here  is  that  for  low-power  -xcitation  the  profiles  remain  Qualitatively 
the  same;  a  large  mam  peak  followed  by  two  or  three  smaller  peaks  occuring  furthe 
down  the  density  gradient.  This  is  in  marked  contrast  to  the  field  profile  be¬ 
havior  for  high-power  VHF  bursts.  Figure  6  shows  the  orofiie  evolution  for  a 
100  watt;  9  us  burst.  Although  the  profile  is  initially  Airy-like,  it  quickly 
oecomes  irregular  as  the  density  profile  is  strongly  modified.  The  associated 
density  profile  modification  is  shown  in  Figure  7,  where  the  density  is  measured 
1  us  after  tho  end  of  the  VHF  burst.  Through  the  formation  or  multiple  cavities, 
the  initially  smooth  and  linear  density  profile  becomes  pitted  and  chaotic. 

Up  to  this  point  our  data  has  only  shown  the  one  dimensional  behavior  of 
the  caviton,  all  the  data  having  been  taken  at  one  arimuthal  position  (5  =  90a) . 
figures  3  and  9  show  the  field  amplitude  profiles  for  various  acimuthal  positions 
near  3=9 0°  for  the  case  of  a  high  power  driver.  Figure  3  is  taken  at  t  -  1  us 
within  the  VHF  burst.  It  shows  that  the  field  profiles  are  roughly  Airy- like 
and  that  no  striking  acimuthal  dependence  exists;  from  this  we  infer  that  the 
driver  and  density  profile  initially  exhibit  no  acimuthal  dependence.  At  later 
times  (t  =  ~  us)  with  the  VHF  burst,  we  observe  two  things  (see  Figure  9) .  First 
of  ail,  the  radial  profiles  have  become  chaotic  as  in  Figure  6.  The  solid  lines 
chow  that  :n  addition  to  becoming  radially  chaotic  that  some  acimuthal  variation 
has  developed.  The  second  effect  concerns  the  direction  of  the  electric  field. 

Up  to  this  point  all  the  measured  electric  fields  have  been  purely  radial;  i.e. 


in  the  same  direction  as  the  d 


Now,  however,  we 
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river,  as  one  would  expect, 
observe  the  development  of  an  electric  field  component  in  the  azimuthal  direction, 
is  shown  by  the  dotted  line.  This  azimuthal  field  is  comparable  in  amplitude  to 
the  radial  field  and  is  localized  radially  and  azimuthally. 

The  observation  of  this  azimuthaliy-directed  field  was  ouite  unexpected  and 
points  out  the  usefulness  of  the  electron  beam  diagnostic  which  can  measure  fields 
in  both  the  radial  ana  azimuthal  directions.  This  phenomena  has  not  been  ob¬ 
served  previously  and  our  data  at  the  time  of  this  report  does  not  allow  us  to 
make  any  conclusions  about  its  source  although  one  might  infer  that  it  is  some¬ 
how  associated  th  she  extensive  density  profile  modification.  We  can,  at  least, 
say  that  the  data  indicates  the  usefulness  of  such  a  two-dimensional  study  and 
may  have  important  application  to  critical  layer  phenomena  in  both  ionospheric 
and  laser-pellet  physics. 
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